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INTRODUCTION

The Acoustic Locator System is a device intended to detect and locate
the source of small arms ground fire directed at Army helicopters. The
system was first developed by Westinghouse Defense and Space Center under
Contract DAAD05-67-C-0040 (Final Report titled: "Acoustic Locator System,"
Sept 67. AD 390885L) and then under Contract DAADO5-68-C-0227 (Final Report
titled: "Improved Acoustic Locator System," Sept 69, AD 861-337L). The
above two reports describe the development and operation of the systems.
This report describes the tests of the Improved Acoustic Locator for the
UH-1 and Cobra (AH-lG) aircraft.

In 1967, seven of the first Acoustic Locator Systems were evaluated in
Vietnam by the Arwy Concept Team in Vietnam. The systems were found to be
potentially useful but several improvements were suggested. These improve-
ments were made and the resulting Improved Acoustic Locator Systems are
discussed in this report. The Vietnam situation was changing and the Im-
proved Acoustic Locator System was never evaluated in Vietnam. It was,
however, tried on a Cobra, AH-lG, aircraft and found to be unsuitable for
the Cobra aircraft because of the speed and noise level of the Cobra (Appendix
B). In 1971, the improved Acoustic Locator System was evaluated by MASSTER,
Ft Hood, Texas and the results are reported in MASSTER Report "Improved
Acoustic Locator Systems Test Report, Volume II," March 72, AD 519864. In
March 1974, the remaining pieces of the seven Improved Acoustic Locator
Systems were transferred to the US Navy for use by the Los Angeles Police
Department to evaluate their utility on police helicopters.



DESCRIPTION OF SYSTEM

The components of the Improved System are shown in Figure 1. The system
weighs 41.5 ibs, occupies about 1.3 cu ft, and uses about 80 watts of
electrical power at 28 VDC. In addition to the sensor pod, electronics
box, and two displays shown in Figure 1, there are three interconnecting
cables and various hardware used to mount these components to the two
aircraft used.

A training device is also part of the equipment. This device provides
simulated signals to a system while on the ground and allows operator
training in interpretation of the display without the need for flying
and firing.
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PRINCIPLES OF OPERATION

The Acoustic Locator System utilizes the acoustic signature generated by
the firing of small-arms to detect and locate the source of small-arms fire
directed toward the aircraft. The ballistic shock wave from the passing
projectile is used to alert that fire is being received and then the
direction of the arriving muzzle blast wave is used to indicate the
direction to the source of fire. In addition to the direct waves, it is
usually possible to receive a reflection of the ballistic shock wave from
the ground.

In operation the system measures the transit time of the acoustic shock
waves as they traverse three microphones mounted in the pad under the
aircraft. The sequence in which these three microphones are traversed by
a shock wave is related to the azimuth direction of the arriving wave. The
time that it takes this shock front to traverse the three microphones is
an indication of the depression angle of the wave. The Acoustic Locator
System utilizes this information and displays the results on a PPI-type
cathode ray tube display located in the pilot's and co-pilot's compartment
of the aircraft. With this information the air crew can determine the
direction of arrival of the shock front.

The Acoustic Locator System is not able to distinguish reliably between
these two waves; hence, the system is designed to display the occurrence
of both waves (and their reflections) and the judgement of the observer is
used to distinguish between the two types of waves. Only the muzzle blast
wave, which expands spherically about the weapon, provides the true
direction to the source of fire.
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TEST PROCEDURES AND RESULTS

Appendix A is the report of the contractor, Operations Research Inc.,
which describes the test design and the test results with the system
mounted on a UH-1 aircraft. Appendix B describes a "check" test with
the system mounted on an AH-1G. During both tests the operator of the
system, flying in the co-pilot's seat, observed a single round fired
from various types of weapons as the aircraft flew a clover leaf pattern
centered over a fixed line of fire. The operator would then interpret
the display, recording the azimuth and elevation to the weapons that he
considered to be the source of the fire. The results of these tests for
the various types of weapons, various miss distances, and various altitudes
and speeds of the aircraft were then compiled and are reported in these
reports.
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CONCLUSIONS

I. The Acoustic Locator System experienced a higher-than-desired
false-alarm rate. The false alarms were caused either by reflection of
aircraft noises from the ground (when the aircraft is at low altitude) or
by rotor "pops."

2. At speeds above 120 to 150 knots the noise of wind passing over the
microphones increased to a level such that signals could not be detected at
useful ranges.

3. The multiplicity of signals received from a single round (ballistic
shock wave, sometimes the ballistic shock wave reflected from the ground,
a muzzle blast and possibly a reflected muzzle blast) was confusing and
required trained, experienced operators to operate the system. A training
device was supplied with the systems to overcome this problem.

4. The detection of the source of ground fire directed at aircraft
remains an operational problem. The US Army Land Warfare Laboratory has
investigated both acoustic techniques and infrared techniques for detecting
small arms and has found that both are range limited. Another approach which
was not tried but which should be considered for future developments is
a small, light-weight, airborne radar for detecting the bullet trajectory
in the vicinity of the aircraft and a computer to determine the source of
fire.

6
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PREFACE

The purpose of this work has been to obtain insights into the per-

formance of an Acoustic Locator System prior to its employment in a tacti-

cal environment. The contents of this document consist of field test plans

and the collected data from these tests. It is envisioned that this docu-

ment would not be published as a separate report from the Limited War

Laboratory, but would provide inputs to various reports to be subsequently

published by the LWL. This effort comprises a portion (Work Assignment

No. 6) of Contract No. DAAD05-68-C-0119, and consists of the design,

monitoring and reporting results of the series of field tests of the equip-

ment mentioned.
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(#)I. INTRODUCTION

(U)The Army is developing an Acoustic Locator System (ALS) that is

to be used aboard an aircraft for detecting the presence of ground fire

directed at the aircraft and for locating the source of the fire in terms of

azimuth and depression angles relative to the aircraft.

( The performance of the system is dependent upon the receipt of

a bullet shock wave, a reflected bullet shock wave and a weapon muzzle

blast. For this reason, an investigation of various factors which might

affect this performance was conducted by a series of field tests at

Aberdeen Proving Ground, Maryland. These tests provided information

relevant to system performance while considering such factors as; weapon

to aircraft range, bullet miss distance, aircraft altitude, aircraft speed,

aircraft heading relative to the weapon position and type of weapon being

used.

(U) The contractor (ORI) was requested to (1) develop a test plan for

evaluating the performance of the ALS, (2) monitor the implementation of

the plan and, (3) reduce and analyze the resulting data from these tests.

1 . . .. . . .. '



(U) Section 2. of this document, supported by Appendix B, discusses

the tests conducted. Section 3. presents the data, in reduced form, from

basic tests of the system along with a discussion of the special tests

which were required and of the acceptance tests of the hardware of four

additional Acoustic Locator Systems.

(U) Appendix A is the computer listing of the raw data collected dur-

ing the tests.

(U) Appendix C is the work assignment which initiated this contractor

effort.
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() II. DISCUSSION OF TESTS

(U) The test plan, dated 2 July 1968, is included as Appendix B to this

report. The conduct of the tests was as outlined in the plan. The plan

called for "blocks" of tests to be conducted-each block at a given range

and bullet miss distance with altitude, speed, azimuth, and weapon type

varied within each block. The blocks of tests were to be conducted in an

order best satisfying a priority scheme developed by the test director in

order that limitations of time and resources would impose a minimum penalty

on the ALS test program.

M ang e 500 750 1000 1200 1400 1600Miss Dis t- 50

100 Ft.

ZOO Ft. Z Aug 5 Aug 7 Aug 8 Aug

300 Ft. 7 Aug 5 Aug 8 Aug Z Aug

(*-FIGURE 1; TEST BLOCKS
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( ) The above figure represents the program blocks of tests which

were considered as feasible. Because of time limitations, only 8 blocks

were run. The dates on which each of these blocks was conducted indi-

cates the priority established for conduct of the tests. As can be seen,

100 foot miss distances and 1600 ft. ranges were assigned a lower priority

and subsequently were not a part of the basic test program. The 8 highest

priority blocks of tests were conducted and provide valuable data for per-

formance evaluation of the ALS.

(Q) As a further means of meeting time and range limitations, the

test design allowed for the program within each test block to be changed

if necessary. The 15 and 1000 ft test altitudes were eliminated during the

basic tests. In addition, the planned aircraft speed of 0 knots was changed

to 20 knots when it became apparent that the hover speed over the range

marker was somewhat difficult to maintain.

(%) The basic test plan was a factorial test design to include six

factors considered to have most effect on system performance and was the

means for providing the basic statistical information on the overall system

performance.

(U) Special tests were conducted for two purposes:

a. To demonstrate system performance in terms of

additional levels of the six basic factors, and

b. To demonstrate system performance in terms

of additional factors.

( ) A total of eight special tests were conducted as follows:

4



Special Test No. 1

Data from this test have been designated as test
M. The purpose of the test was to investigate levels of

altitude in addition to those levels used in the factorial

tests. This group of tests were all conducted using a

range of 500 ft., a miss distance of 300 ft., a speed of
20 knots and using the M14 weapon. One run (4 tests)

were conducted at each of eight altitude steps: 25, 50,

75, 100, 150, 200, 300 and 500 feet. These 32 tests

were conducted on August 8, 1968.

Special Test No. 2

The purpose of this test was to investigate the

performance of the system when fire from more than one
source was being directed toward the aircraft. A 50 cali-

ber MG was located such that the range would be 500

feet and the miss distance 100 feet. The M60 was

located such that the range was 500 feet and the miss

distance 300 feet with the bullet path located on the

opposite side of the aircraft from the 50 cal. bullet

path. Two cloverleaf patterns were run, each with the

aircraft at 200 ft. altitude and 80 knots speed. During

the first run, each weapon fired a single round and

during the second run, each weapon fired a five round

burst. These 8 tests were conducted on August 8, 1968

and data from these tests are referred to as being test

N in this document.

5
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Special Test No. 3

These tests were conducted on August 13, 1968

for the purpose of investigating additional levels of

range and speed, additional weapons, and the rapid

fire of the weapons. There were 120 tests in this

group, all except 12 were conducted at 80 knots.

These 12 were conducted at 100 knots. Ranges were

1000, 1200, and 1400 feet with miss distance of 100

and 200 feet. Various weapons were fired during these

tests. The weapons included the M1, M16, M14, M60

50 cal., AK56, 7.62, 12.5, 20 mm, and the 23 mm.

Data from these tests are designated as test 0 in this

document.

Special Test No. 4

On August 8, 1968, eight tests were conducted

in an attempt to evaluate system performance for detect-

ing ground fire while return fire is being generated from

the aircraft. This situation was performed at 500 ft.

range, 200 foot miss distance, 200 foot aircraft altitude

and 40 knots speed. The M14 was fired from the ground

position while return fire was from the M60 located in-

side the aircraft.

Special Test No. 5

Eight tests were conducted on August 9, 1968

for the purpose of investigating system performance

with the aircraft loaded with additional weight.

6
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It was expected that increased aircraft weight might cause

additional rotor pops which would be picked up by the system

as false alarms thereby readjusting the system threshold

levels. An additional 1400# of weight were in the air-

craft. Other parameter levels included; range, 500 feet;

miss distance 200 feet; speed 80 knots; altitude 200

feet; and weapon M14. Data from these tests are noted

as test Q in this document.

Special Test No. 6

The basic test program was conducted so that

the path of a passing bullet was theoretically in the
same horizontal plane as the aircraft. On August 9,

1968, 16 tests were conducted where the bullet path

was higher than the aircraft indicating a specific miss

direction. The levels of the parameters which remained

constant for these tests were; range 500 feet, altitude

200 feet, and speed 20 knots. Aircraft headings were

90 and 270 only indicating fire from aft and in front

of the aircraft. Although the weapons were positioned

at the normal 100 foot miss distance position, the

elevation angles of the weapons were adjusted so as to

provide a miss distance of 200 feet for 8 tests and 300

feet for the other eight tests. Weapons used were the

50 caliber for eight tests and the M60 for the other

eight tests. Data from these tests are referred to as

test R in this document.

7



Special Test No. 8

For this group of tests, the system was in-

stalled in a UH-IB helicopter as opposed to the UH-lD

helicopter used for the majority of the other tests. A

normal block of tests was run with the exception of the

40 knot speed, the 750 ft. range, the 1000 range-Z00

miss distance, 2300 ft. range-200 ft. miss distance,

the 1400 ft. range and the M16 weapon. On August 16,

1968, a total of 104 tests were conducted for the

expressed purpose. Data from these tests are referred

to in this document as test T.

(U) The above tests did not include 96 tests conducted on August 19,

1968 with the same plan but with a portion of the instrumentation being

disconnected. Restuls of these 96 tests are referred to as Test U in this

document.

(SJ Acceptance tests were conducted for four additional ALS. System

one was tested on August 22, system two and three on August 26 and sys-

tem four on August 27. A total of 96 tests were conducted on each of the

four systems. These tests provided an investigation of all the levels of

parameters investigated during the factorial tests with the following excep-

tions.

(a) 750 and 1400 feet range

(b) 200 ft. miss distance at 1000 and 1200 ft. range

(c) 40 knot speed at all ranges

(d) M16 weapon at all ranges.

8 I



This, in effect, resulted in the same test plan used in special test 8.

(U) Minor modifications were provided for in the flexible test plan

and the net result of the total program reflects a reasonable test plan, good
implementation of the plan, and the collection of valuable data describing the

performance of the ALS.

9
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(C4 III. PRESENTATION OF DATA

(U) This section is divided into three parts as inferred in Section 1.

The attempt has been to present only the basic test results in a reduced

form. Computer listings of the test data appear in Appendix A. These

data were placed on punch cards which easily allowed for the necessary

sorting and listing to be done to facilitate this effort. Additional sorts

can easily be made to produce additional combinations of factors for any

desired analysis at a later time.

Part I. Factorial Tests

(C) Data from these tests include all combinations of the test para-

meters listed below with exception of the 500 ft range 200 ft miss distance

and the 1400 ft range 300 ft miss distance.-

Range - 500, 750, 1000, 1200, 1400 ft.

Miss Distance - 200 and 300 ft.

Aircraft Altitude - 50, 200 and 500 ft.

Aircraft Speed - 20, 40 and 80 knots

Aircraft Heading - 0, 90, 180 and 270 degrees

Weapons fired - M-16, M-14 and 50 cal MG

10
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( Figure 2. shows the probability of receiving a certain number of

signals at each of the ranges. The mean of the five values of the upper

curve is .9Z which represents the overall probability of detection for the

test conditions.

(U) Figure 3. reveals how each of the test parameters affected the

probability of detection. All the curves in Figure 3. are based on probability

of detection being defined as the receipt of one or more of the signals.

(U)Figure 4. shows the relative frequency of azimuth errors being

as specified in the bounds as noted in the graph legend.

(U) Figure 5. shows the effect of each test parameter on the azimuth

error at each of the various test ranges.

(4A?Figure 6. reveals the effect of each of the test parameters on

those cases where the azimuth error was less than 7.50. This value was

chosen as a reasonable value for resolution of reading the display.

Azimuth error is defined as the absolute difference between the recorded

angle and the calculated angle.

(00 Figure 7. reveals the accuracy of the reported azimuth as a func-

tion of the number of signals received on the ALS. The mean azimuth error

for all test conditions was 27.70.

(U)Figure 8. indicates the relative frequency of the depression error

being within certain bounds. Figure 9. reveals the effect of each of the

test parameters on the depression angle error.

(0 Figure 10. indicates the depression angle error as a function of

the calculated depression angle. This shows a decrease in reading error

with an increase in the calculated depression angle. This can be accounted

for since the display is such that the accuracy of reading larger depression

angles is inherently better than for reading smaller angles.

11

t i , f , ,



1.00 v~

.90+

.80 -

PD .60 -

.50

.40

.30

.10 5

500 750 1000 1200 1400

RANGE (Ft.)
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2 or More 79 159 143 137 79 507

1 or More 105 202 206 172 100 785

TOTAL 108 216 216 204 108 852
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40

Azimuth 30 

x

Error(°

-- K --

20 N3

10 N NUtAGER oF

S iGNALS RECEIVED

500 750 1000 1200 1400

RANGE (Ft.)

N (Ft 500 750 1000 1200 1400
of- - - - - - - - - -

Signals N N N A N p N It N p

1 10 24 46 41.3 58 45.2 90 51.3 42 48.2

2 67 6.5 112 21.7 83 22.0 55 22.9 37 33.6

>3 26 5.3 42 19.4 64 17.0 25 17.1 21 19.0

N = Number of Tests

p = Mean Azimuth Error

(C) FIGURE7. AZIMUTH ERROR BY NUMBER OF SIGNALS RECEIVED
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1.00

.80 ERROR <X

&
Relative
Frequency .60

.40

.z0 X:/

K* X: =7.5'

500 750 1000 1200 1400

RANGE (Ft.)

ange 500 ft. 750 ft. 1000 ft. 1200 ft. 1400 ft.

Error
L N Rel. N Rel. N Rel. N Rel. N Rel.Less Than -Frea. Freg, Freq, Freg. Fj ]

7.5 22 .21 30 .15 42 .21 1 .07 8 .08

15.0 38 .37 60 .30 76 .37 15 .09 22 .22
22.5 59 .57 128 .64 127 .62 43 .26 50 .50

30.0 94 .90 175 .87 180 .87 93 .55 72 .72
Total
Readings 104 200 --.- 206 I-- 168 -.. I00

(% FIGURE_8. FREQUENCY OF DEPRESSION ANGLE ERRORS
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L tu
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S30

K-90

Soo 7SC /coc /i6o /q/0 Soo 7.60 100 200 0
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(0) FIGURE 9. DEPRESSION ANGLE ERRORS AS A FUNCTION OF TEST PARAMETERS22 ' tNFI[E-T4-
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False Alarms

(0 In addition to the data presented in the graphs, charts and com-

puter listings, an analysis of the false alarms was made in an attempt to

define the conditions generating these alarms. During the total of approx-

imately 860 tests, false alarms were indicated on the data forms for a total

of 121 of these tests. The number of false alarms per test varied from I to

5 with a reported total of 196. Of the six basic factors investigated, it

would appear as if changes in altitude and speed would most likely influence

the false alarm rate. A further look at the 196 false alarms reveals they

were divided in the three altitude and speed categories as noted below.

Altitude False Alarms Speed False Alarms

50 98 20 35

200 52 40 11

500 47 80 50

196 196

($ FIGURE 11. FALSE AIARM ANALYSIS

Instrumentation Effects

During the conduct of the tests, it became apparent that switching

off and on of the power to the recording instrumentation would generate

false alarms. Some tests were conducted in an attempt to define the extent

of the instrumentations effect upon the performance of the ALS. The hypo-

thesis was that the recorder feedback was causing the threshold level to be

maintained at a higher point than it would normally be thus causing fewer

false alarms and possibly a lower detection rate than would be experienced

by the systemwithout the recording instrumentation attached. The series
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of tests disignated special tests T were chosen for a comparison since

the plan of the tests with instrumentation disconnected was a repeat of

the plan for the tests of group T. These tests with the instrumentation

disconaected are designated as test U for this description.

Test T Test U All Fac-

torial Tests

Probability of receiving

1 or more signals 1.00 .98 .92

2 or more signals .69 .64 .60

3 or more signals .19 .21 .21

4 or more signals .03 .04 ?

Number of False Alarms 5 106+* 196

* In addition some reports of false alarms merely
indicated "many".

(vi FIGURE 12. INSTRUMENTATION EFFECTS ON ALS PERFORMANCE

Azimuth Error Bias

(64 The test design was such that azimuth realing errors would tend

to be biased in the clockwise direction. This is primarily due to the fact

that azimuth readings based on a signal other than the muzzle blast would

always represent an azimuth error in the clockwise direction. A significant

number of these situations were apparent in the tests. Test results are

shown below-
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cases at Heading 900 0tegve 90 180 °  2700 00

/c heading "
when

Reading was clockwise 169 163 129 93
from true azimuth

Reading was identical 7 2 16 8
to true azimuth

Reading was counter-
clockwise from true 14 11 58 106
azimuth

FIGURE 13. BIAS OF AZIMUTH ERROR AS A FUNCTION OF AIRCRAFT
HEADING

~Range (Ft.)

No. o

cases at 500 750 1000 1200 1400
given range
when

Reading was clockwise 55 111 156 137 93
from true azimuth

Reading was counter-
clockwise from true 48 53 49 33 6
azimuth

- - - -L

FIGURE 14. BIAS OF AZIMUTH ERRORS AS A FUNCTION OF RANGE
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Part 2. Special Tests

(U)As stated in Section 1, special tests were run as demonstrations

of the system under conditions other than those conducted in the basic

tests. Replications during these demonstrations were limited to the extent

that statistical significance of variations in values is difficult to establish.
Figure 1 5. presents the results of each of the special tests along with a

value received from the test of similar conditions during the basic test

program. Raw data from the special tests appear in Appendix A and can be

distinguished by the letter (M through T) appearing in column one of the

computer listings.
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Part 3. Acceptance Tests

(U) In addition to the hardware of the ALS tested during the basic

tests, it was necessary to obtain some indication as to the performance

of the hardware to be used in four additional ALS. The hardware referred

to consist of four basic elements for each system. These elements are

the sensor housing, an aerodynamic pod, which is externally mounted on

the aircraft and contains the transducers, an electronic processing unit

Uiounted inside the aircraft and two display units, one located for the

pilot observation, the second for co-pilot observation.

(U) Data forms from the tests indicate each of the different elements

used was assigned a particular number and the total system under test was

comprised of the numbered elements as designated in Figure 16.

System Sensor Electronic Pilot Co-pilot
being housing processing display display
tested number unit number unit unit

1 7 7 6 6

2 5 6 1 2

3 3 4 7 4

4 4 5 5 5

(U) FIGURE 16. ELEMENTS OF EACH SYSTEM

(U) The raw data from these tests appear in Appendix A with a recap

as shown in Figure 17. The mean values obtained from similar runs during

the factorial testing appear in Figure 17 for comparison.
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()APPENDIX A
LISTING OF TEST DATA
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APPENDIX A

The data appearing in this appendix result from the computer listing of
the raw data collected from the tests after it has been key punched onto
data processing cards. The data required the use of 62 columns of the
general purpose 80 column card with the following information provided in
each column:

Column Information

1 The Figure 1 indicates data from the factorial
designed tests and A, B, C, D indicates data
from acceptance tests 1, 2, 3 and 4 respectively.
Letters M through T indicate data from Special
Tests 1 through 8 respectively.

2 Blank.

3,4,5,6 Range. (Ft.)

7 Blank.

8,9,10 Miss Distance. (Ft.)

11 Blank.

12,13,14,15 Aircraft Altitude. (Ft.)

16 Blank.

17,18 Aircraft Speed. (Knots)

19 Bl ank.

20,21,22 Aircraft heading of 0, 90, 180, 270 indicate the
firing position was located to the left of, aft of,
to the right of, and in front of the aircraft at time
of test.

23,24 Blank.

25, 26, 27 Type of weapon fired.
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Column Information

Z8 Blank.

29 Number of signals reported as appearing on the
scope.

30 Blank.

31,32, 33,34 The reported clock reading regarding azimuth
location of gun position.

35 Blank.

36, 37, 38 The reported clock position converted to degrees.
(1200 being 00 degrees or 3600.)

39 Blank.

40,41,42 The calculated azimuth in degrees for the indicated
test condition.

43 Blank.

44, 45, 46, 47 The variation in degrees from the reported azimuth
and the calculated azimuth. Negative values in-
dicate reading was in clockwise direction from
calculated reading except on acceptance test data.
Negative values of acceptance test data indicate
error in counterclockwise direction.

48,49 Blank.

50, 51 Depression angle reading. (Degrees)

52 Blank.

53, 54, 55,56 Calculated depression angle. (Degrees)

57 Blank.

58, 59, 60,61 ,62 Variation in degrees from reading and calculated
angle. Negative values indicate excessive
reading angle.

1 1200 300 200 20 0 M14 1 300 090 284 -166 15 9.2 5.8

FIGURE A-l: EXAMPLE OF CARD HEADING
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(U)As an aid in reading the computer listing of raw data, figure A-Z

is provided which reveals a column heading for each of the columns in the

listing. This temperature type figure could be cut out and placed over the

columns on each page to facilitate reading initially.

// / / / / 6V, AZ/MurH /DEPRE3310ON /

(U) FIGURE A-Z. COLUMN HEADINGS
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